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Upper arm circumference is associated with race performance in
ultra-endurance runners
Abstract
Objective: To investigate the association of anthropometric parameters to race performance in
ultra-endurance runners in a multistage ultra-endurance run. Design: Descriptive field study. Setting:
The Deutschlandlauf 2006 race in Germany, where athletes had to run 1200 km within 17 consecutive
days. There were no interventions. Subjects: In total, there were 19 male Caucasian
ultraendurancerunners (mean (SD) 46.2 (9.6) years, 71.8 (5.2) kg, 179 (6) cm, BMI 22.5 (1.9) kg/m2).
Main outcome measurements: Determination of body mass, body height, length of lower limbs,
skin-fold thicknesses, circumference of limbs, body mass index (BMI), percentage skeletal muscle mass
(%SM), and percentage body fat (%BF) in 19 successful finishers in order to correlate anthropometric
parameters with running performance. Results: A significant association of upper arm circumference
with the total running time was found (p,0.05, r2=0.26). No significant association was found with the
directly measured anthropometric properties body height, body mass, average skin-fold thickness and
the circumference of thigh and calf (p.0.05). Furthermore, no significant association was observed
between the running time and the calculated parameters BMI, %BF, and %SM (p.0.05). Conclusions: In
an ultra-endurance run over 1200 km within 17 consecutive days, circumference of the upper arm was
the only factor associated with performance in well-experienced ultra-endurance runners. Body mass,
BMI, body height, length of limbs, skin-fold thicknesses, circumference of limbs and the calculated
percentage body composition of skeletal muscle mass and body fat showed no association with running
performance.
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Abstract 
 
Objective: To investigate the association of anthropometric parameters to race performance in ultra-
endurance runners in a multi-stage ultra-endurance run. Design: Descriptive field study. Setting: The 
“Deutschlandlauf 2006” in Germany, where athletes had to run 1,200 km within 17 consecutive days. 
Subjects: Nineteen male Caucasian ultra runners (mean ± SD; 46.2 ± 9.6 years, 71.8 ± 5.2 kg, 179 ± 6 
cm, BMI 22.5 ± 1.9 kg/m2). Interventions: None. Main Outcome Measurements: Determination of 
body mass, body height, length of lower limbs, skin fold thicknesses, circumference of extremities, 
skeletal muscle mass (SM), BMI and percent body fat (%BF) in 19 successful finishers in order to 
correlate anthropometric parameters with running performance. Results: A statistically significant 
association of the upper arm circumference with the total running time is indicated (p<0.05, r2=0.26). 
No significant association is shown by the directly measured anthropometric properties body height, 
body mass, average skin fold thickness as well as the circumference of thigh and calf (p>0.05). 
Furthermore, no significant association was observed between the running time and the calculated 
parameters BMI, %BF, and %SM (p>0.05). Conclusions: In an ultra-endurance run over 1,200 km 
within 17 consecutive days, circumference of the upper arm was the only factor associated with 
performance in well-experienced ultra-endurance runners. Body mass, BMI, body height, length of 
limbs, skin fold thicknesses, circumference of extremities and the calculated body composition 
skeletal muscle mass and percent body fat showed no association with running performance. 
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Introduction 
 
An abundant variety of different factors influencing performance in endurance exercise have been 
found. Apart from physiological parameters, a variety of anthropometric parameters shows an 
association with endurance performance such as body mass,[1, 2] body mass index,[3] body fat,[3] 
length of the upper leg,[4] length of limbs,[5] body height,[1, 6] circumference of thigh,[4] total skin 
fold,[1] and skin fold thickness of the lower limb.[7,8]  
 
These different anthropometric factors have different effects in different sports disciplines and 
distances. Body mass index is positively related to marathon performance time [3] and body mass as 
well as fat-free weight shows a correlation with swimming performance in women [9]. In cycling, a 
higher body mass is required for sprint cyclists which are heavier than endurance cyclists.[10] Body 
fat has an association with marathon performance time [3] and in female swimmers a greater fat mass 
is strongly related to lower levels of exercise [11]. In cold water, swimmers with less subcutaneous fat 
have to give up their swim in significantly less time.[12] In contrast, low levels of adiposity are 
important for elite triathletes for total time performance.[5] Lower skin fold values are associated with 
running performances up to 10,000 m [1, 7, 8, 13] and skin fold thicknesses in the lower limb are 
positively associated with running performances over 1500 m and 10,000 m [1, 7] as well as marathon 
running [14]. Circumference of chest and thigh are related to running performances over 800 m, 1500 
m and 5000 m whereas upper arm circumference has an association with 10,000 m running 
performances [4] and sprint cyclists have larger chest, arm, thigh and calf circumferences than 
endurance cyclists [10]. Body height seems to be associated with performances in 10 km running [1] 
and in female swimmers over 100 m swimming [9, 15, 16]. The length of the upper leg is best related 
to running performances over 800 m, 1500 m and 5000 m.[4] In swimmers, upper extremity length is 
positively correlated with 100 m freestyle performance in boys and girls.[15] 
 
In the review of Berg from 2003, it was required to enhance knowledge of anthropometry as a 
performance determinant.[17] Anthropometric properties and exercise performance during short and 
middle distance running, marathon running and triathlon have been investigated previously,[2, 7, 8] 
but data from ultra distance running is rare. Tokudome et al. investigated the anthropometric 
characteristics of ultra-marathon runners compared to sedentary people and found more favourable 
values for body mass index and bone density in those runners.[18] Long-distance runners in the study 
of Hetland et al. had very low amounts of fat in the abdomen and legs which is associated with 
training intensity.[19] Bale et al. found in their study with female long-distance runners that a slim 
physique high in ectomorphy is associated with improved performance.[14]  
 
In our current investigation, anthropometric data of 19 of 21 male successful finishers of the 
“Deutschlandlauf 2006” were analysed in respect of their association to the final running time. We 
determined anthropometric parameters only in the successful finishers in order to find parameters 
associated with successful race performance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 group.bmj.com on February 19, 2010 - Published by bjsm.bmj.comDownloaded from 
 4
Subjects and Methods 
 
Subjects 
The organiser contacted all participants of the “Deutschlandlauf 2006” by a separate newsletter 3 
months before the race in which they were asked to participate in the study. Thirty-two runners (28 
male and 4 female) started in the run. Twenty-one male and 4 female runners finished the race within 
the time limit. Nineteen male Caucasian ultra runners (mean ± SD; 46.2 ± 9.6 years, 71.8 ± 5.2 kg, 179 
± 6 cm, BMI 22.5 ± 1.9 kg/m2) participated in the study. They all gave their informed written consent. 
The average training duration of the male runners was 14.8 ± 5.5 hours per week varying from 6 to 27 
hours. They had an average experience of 10 ultra-endurance races of 24 hours and more prior to the 
start of the “Deutschlandlauf 2006”, varying from 1 to 48.  
 
The race 
From 11th September to 27th September, the athletes had to run across Germany from the north (Kap 
Arkona - Rügen) to the south (Lörrach) over 1,200 km within 17 consecutive stages. On average, the 
stages were 70.9 km per day, while the shortest stage was 51.9 km (the 16th) and the longest 93.4 km 
(the 3rd). The highest average temperature during the run was 25° Celsius. The weather was stable; in 
15 stages the sun was shining and in 2 stages there was some rain. In the morning at the start, 
temperature was varying from 11°C to 17° C (average 14°C). At noon, the temperature rose to 20°C to 
27° C (average 25°C) and dropped towards the end of the stages in the afternoon and evening to 17° to 
23° C (average 21°C). After each stage, athletes had a break in a small town along the racetrack. The 
race organiser provided accommodation and nutrition. Athletes, race organiser and support crews were 
lodged in a gymnasium, in hostels or in restaurants. During the night, athletes could sleep either in 
their sleeping bags in the gymnasium or in a hotel room. Breakfast and dinner were served in the 
gymnasium or in the dining room of the hostels or restaurants. In the morning before the start of a 
stage, breakfast consisted of bread, buns, jam, butter, cheese, sausages, coffee, tee, milk and eggs. 
During a stage, every 8 to 12 km, aid stations provided isotonic sports drinks, ice tea, apple juice, 
orange juice, water, Coca Cola, chips, pretzel sticks, cake, jelly babes, bread, bananas, apples, kiwi, 
cheese and sausages. In the evening, dinner consisted of soup, meat, noodles, salad, vegetables, fruits, 
water, beer, tea and coffee. 
 
Measurements and calculations 
After arriving at the finish line, body mass, length of the lower limbs, circumference of upper arm, 
thigh and calf as well as skin fold thickness from 8 regions were measured on the right-hand side. 
Body mass was measured with a commercial scale (Beurer BF 15, Beurer GmbH, Ulm, Germany) to 
the nearest 0.1 kg. Length of the upper leg was measured from Trochanter major to Meniscus 
lateralis, length of lower leg from Meniscus lateralis to Malleolus lateralis of the right leg.  
Circumference of the upper arm and calf were measured at the largest circumference of the limb; at the 
thigh 15 cm above the upper pole of the patella. All circumferences were measured to the nearest 0.1 
cm. Skin fold thicknesses and circumferences of the extremities were measured on the right side of the 
body. Skin fold thicknesses of chest, midaxillary (vertical), triceps, subscapular, abdominal (vertical), 
suprailiac (at anterior axillary), thigh and calf were measured with a skin fold calliper (GPM-
Hautfaltenmessgerät, Siber & Hegner, Zurich, Switzerland) to the nearest 0.2 mm. Skin fold 
thicknesses and circumferences of the extremities were measured on the right-hand side of the body. 
Every measurement was taken by the same person 3 times; the average value was used for calculation. 
Skeletal muscle mass (SM) was calculated using the following formula: SM = Ht x (0.00744 x CAG2 
+0.00088 x CTG2) + 0.00441 x CCG2 + 2.4 x sex – 0.048 x age + race + 7.8, where Ht = height, CAG 
= skin fold-corrected upper arm girth, CTG = skin fold-corrected thigh girth, CCG = skin fold 
corrected calf girth, sex = 1 for male, race = 0 for white.[20] Percent of body fat (%BF) was calculated 
using the following formula: %BF = 0.465 + 0.180(Σ7SF) - 0.0002406(Σ7SF)2 + 0.0661(age), where 
Σ7SF = sum of skin fold thickness of chest, midaxillary, triceps, subscapular, abdomen, suprailiac and 
thigh mean.[21]  
 
Statistical analysis 
Anthropometric parameters were correlated with race times. Statistical analysis was performed with 
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the R software package.[22] Forward selections of the predictor variables were used in the multiple 
regression analysis to identify the performance relevant anthropometric parameters. All 
anthropometric properties the directly measured (body mass, height, mean skin fold thickness, length 
of the lower limbs and the limb circumferences of the calf, the thigh, and the upper arm) as well as the 
calculated values (BMI, percent fat mass, and percent skeletal muscle mass) were used as predictor 
values in a multi linear model. The significance level was set to 0.05.  
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Results 
 
 
Table 1 shows the anthropometric data of the 19 male runners after the race.  
 
Parameter Result 
Body mass (kg) 71.8 (5.8) 
Body height (m) 1.78 (0.05) 
BMI (kg/m2) 22.5 (1.9) 
Skeletal muscle mass (SM) (kg) 36.6 (2.1) 
Fat mass (FM) (kg) 9.5 (3.0) 
% Body fat (%BF) (%) 13.1 (3.3) 
L upper leg (cm) 45.3 (2.8) 
L lower leg (cm) 41.9 (2.6) 
L leg (cm) 87.3 (4.5) 
C upper arm (cm) 27.3 (1.6) 
C thigh (cm) 51.7 (2.8) 
C calf (cm) 38.1 (2.0) 
SF pectoral (mm) 5.1 (2.2) 
SF axillar (mm) 7.0 (3.0) 
SF triceps (mm) 7.0 (1.9) 
SF subscapular (mm) 8.7 (2.2) 
SF abdominal (mm) 12.5 (7.9) 
SF suprailiacal (mm) 9.9 (4.7) 
SF thigh (mm) 8.3 (3.5) 
SF calf (mm) 7.2 (2.7) 
 
Table 1: Bodyweight, length (L) of the leg, circumference (C) of extremities, skin fold thickness (SF), 
skeletal muscle mass (SM), percent body fat (%BF) and fat mass (FM) of the subjects at the finish line 
in the “Deutschlandlauf 2006”. Values are given as mean (SD). 
 
Surprisingly, only a significant association of the arm circumference with the total running time is 
indicated (p<0.05, r2=0.26) (Figure 1), but no statistically significant association could be shown by 
the directly measured anthropometric properties body height, body mass, average skin fold thickness, 
and the limb circumferences of thigh, and calf, as well as length of the lower limb (p>0.05) (Figure 2). 
Furthermore, no significant association was observed between the competition time and the calculated 
parameters BMI, %BF, and %SM (p>0.05) (Figure 3). 
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Discussion 
 
The main finding of our investigation is the fact that we could not confirm any of the previously 
described anthropometric factors such as body mass,[1,2] body mass index,[3] body fat,[3] length of 
the upper leg,[4] length of limbs,[5] body height,[1, 6] thigh girth,[4] total skin fold,[1] and skin fold 
thickness of the lower limb.[7,8] Surprisingly, the only factor with a statistically significant 
association with running performance was the circumference of the upper arm. 
 
We presume that these ultra runners lost adipose subcutaneous tissue of the upper body during the run 
and therefore a low circumference of the upper arm resulted at the finish line. Probably this presumed 
decrease of fat in the upper body is a result of the swinging of the arms during running, where fat 
oxidation seems to be increased compared to cycling. The studies of Achten et al. [23] and Knechtle et 
al. [24] demonstrated that fat oxidation is higher in running than in cycling. In addition, Helge et al. 
found in athletes skiing across the Greenland icecap that fat oxidation is increased during submaximal 
arm exercise after prolonged, low-intensity whole body training.[25] In their study, a marked increase 
in fat oxidation during arm exercise was shown. In the study of Bale et al. with female marathon 
runners, elite runners have significantly lower skin fold thicknesses compared to sedentary women, 
whereas the difference in body fat was particularly reflected in the triceps skin fold.[14] In another 
study, Hetland et al. could demonstrate that elite long-distance runners had very low amounts in the 
abdomen, arms and in the legs, where the reduced adipose subcutaneous tissue at the legs is associated 
with weekly distance run.[19] 
 
During long lasting performance, fat seems to be reduced and skeletal muscle mass remains stable. 
Helge et al. could show that in skiing across the Greenland icecap, athletes lost body mass of 5.7 ± 0.5 
kg of which 78 ± 7 % was fat and the reminder lean body mass.[25] Their athletes suffered an energy 
deficit of approximately 5 MJ day-1 and they conclude that utilisation of body fat must have been 
stimulated. Raschka et al. demonstrated in their study that in a run over 1,000 km in 20 days, that lean 
body mass decreased from 59.3 kg at the start to 58.9 kg on day 11, but then increased to 59.9 kg by 
the end of the race. All muscle-circumferences were reduced with the exception of the thigh, which 
grew. They explain this phenomenon as training effect due to the high mechanical stress of the lower 
extremities.[26]  
 
Association of anthropometric measurements with race performance 
In other studies, body mass seems to have a major effect on endurance performance. The association 
of BMI on performance is known in Kenyan runners. Black runners are smaller [27, 28] and less 
heavy than white runners,[27, 29, 30] which could not be confirmed in the study of Rahmani et al.[31]  
But in contrast to the other studies, Rahmani et al. investigated sprinters. The BMI of the Kenyan 
runners is 19.2 kg/m2 compared to 20.6 kg/m2 for the best Scandinavian runners.[32] When 
Senegalese and Italian runners are compared, then black runners have longer and lighter legs.[31] It is 
supposed that the lower BMI [33] and the smaller body size are of importance for the better 
performance of the black runners.[34] The black runners also have a thinner skin fold at the legs and 
arms [29] suggesting a smaller mass of adipose subcutaneous tissue. 
 
One goal of sports sciences is to predict exercise performance by laboratory measurements. 
Anthropometric properties can be divided into 2 groups. One group cannot be associated with the 
subjects, such as body height and the length of the limbs, whereas, the second group of anthropometric 
properties can be associated with the subjects. The latter group consists of body weight, skin fold 
thicknesses, limb circumferences etc. which may be altered by specific diets and training. There is no 
doubt that anthropometric properties can associated with biomechanics and exercise performance of 
humans. The benefit of specific anthropometric properties is dependant on the kind of sport and the 
discipline, too. For competitive athletes, anthropometric factors such as body weight, body fat, skeletal 
muscle mass, length of extremities and circumference of limbs seem to have an association with 
performance.  
 
The amount of fat and the thickness of skin folds seem to be of importance for performance in runners. 
In former studies it has been shown that physical performance is negatively related to body fat and 
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positively related to skeletal muscle mass.[35, 36] In runners, a high amount of adipose tissue leads to 
a higher body weight and an impairment of performance as more weight has to be moved which does 
not contribute to power development. The study of Hetland et al. [19] demonstrated that regional and 
total body fat is inversely correlated with the performance in a treadmill test (-0.61<r<-0.52, 
p<0.0001). In runners, decreased skin fold thicknesses in the lower limb are measured after a longer 
training period; this may be particularly useful in predicting running performance.[8] In the study of 
Legaz & Eston [8], 3 years of training reduced skin fold thickness and the change in performance was 
related to the change in triceps (r =- 0.61, p=0.001), front thigh (r=-0.74, p<0.001) and medial calf (r=-
0.66, p<0.001) skin fold thickness. 
 
In middle and long distance runners, length of the upper leg and thigh girth are related to performance 
[4] and in marathon runners different physiological parameters can explain the variance in marathon 
time among elite runners.[37] No differences are obvious in skin fold values among runners 
competing in classical distances ranging from 100 m to 10,000 m.[13] In contrast to runners, where a 
low body mass, low fat mass and low circumferences of the lower extremities are associated with 
enhanced performance, in other sports disciplines the opposite values are positively related with 
performance.  
Swimmers in cold water can perform longer with a high amount of adipose subcutaneous tissue [12] 
and sprint cyclists need a higher body mass than endurance cyclists [10]. Lower circumferences are 
associated with better performance in running [4] but sprint cyclists have larger circumferences of the 
extremities compared to endurance cyclists [12]. 
 
There seems to be no ideal or unique anthropometric profile with respect to performance,[38] and 
training parameters seem to be of more importance than anthropometric measures in the prediction of 
performance.[1, 14, 39, 40] In marathon finishers, the longest mileage covered per training session is 
the best predictor for a successful completion of a marathon.[41] And total training spent at low 
intensities seems to be associated with improved performance during highly intense events.[42] But 
there exists an upper limit in training volume above which there are no more improvements.[43] 
 
Conclusion 
To summarise, in an ultra endurance multi-stage run over 1,200 km within 17 consecutive stages, body 
mass, body height, length of limbs, body fat, skeletal muscle mass and skin fold thicknesses had no 
association with running performance in 19 successful male finishers. A statistically significant 
association with race performance was found only for the circumference of the upper arm.  
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Figure legends 
 
Figure 1: A statistically significant influence is indicated by the arm circumference to the total 
running time in the “Deutschlandlauf 2006” (p<0.05, r2=0.26). 
 
Figure 2: Length of the lower limb (lower leg, upper leg and whole leg) shows no influence on 
running time in the “Deutschlandlauf 2006” (p>0.05). 
 
Figure 3: No significant influence is found between the running time and the calculated parameters 
BMI, %BF, and %SM in the “Deutschlandlauf 2006” (p>0.05). 
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What is already known on this topic: 
In runners up to marathon distance, a low body mass, low body mass index, low body fat, low 
skin fold thickness of the lower extremity and low circumferences of the upper arm and thigh 
are associated with performance. 
 
What this study adds: 
In ultra-endurance runners in a multi-stage ultra-endurance run over 1,200 km within 17 days, 
only the upper arm circumference could be associated with race performance. 
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